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7KHUH DUH WZRPHWKRGV WR JHQHUDWH HOHFWULFLW\ IURP VPDOOZDWHU UHVRXUFHV DV IROORZV  7KH%\SDVV0HWKRG
E\SDVVLQJZDWHUIURPWKHPDLQFDQDOWRDVHSDUDWHHOHFWULFLW\JHQHUDWLQJV\VWHPDQG7KH2SHQ&DQDO0HWKRG
LQVWDOOLQJDQHOHFWULFLW\JHQHUDWRUGLUHFWO\DFURVVWKHFDQDOZLWKQRQHHGIRUDQ\DGGLWLRQDOVWUXFWXUH
0DQ\ UHVHDUFKHUV KDYH VWXGLHG JHQHUDWLQJ HOHFWULFLW\ IURP VPDOO ZDWHU UHVRXUFHV VXFK DV :DQFKDW DQG
6XQWLYDUDNRUQ >@ ZKR XQGHUWRRN WR GHVLJQ WKH )UHH 9RUWH[ (OHFWULFLW\ *HQHUDWLQJ 6\VWHP )URP WKH VWXG\ D
F\OLQGULFDOZKLUOSRROZDVGHVLJQHGZLWKDKROHDWWKHERWWRPDQGZDWHULQIORZZDVUHVWULFWHGWRDWDQJHQWLDOFRXUVH
VR WKDW WKH IORZZRXOG LPLWDWHD WRUQDGR ,QDGGLWLRQD VXLWDEOHZDWHU WXUELQHZDVGHVLJQHG WREHSODFHG LQWR WKH




UHVHDUFK VWXGLHVRQ WKH IDFWRUV WKDWDIIHFW WKHHOHFWULFLW\JHQHUDWLQJHIILFLHQF\ IURP WKHSRZHUJHQHUDWHG IURP WKH
ZDWHU IUHH YRUWH[ RWKHU UHVHDUFKHUV KDYH DOVR VWXGLHG GLIIHUHQW PHWKRGV WR LQFUHDVH WKH HOHFWULFLW\ JHQHUDWLQJ
HIILFLHQF\IURPSRZHUJHQHUDWHGIURPWKHZDWHUIUHHYRUWH['KDNDOHWDO>@DQDO\]HGGLIIHUHQWEDVLQVWUXFWXUHV
DQGKRZWKH\FDQFUHDWHDZDWHUIUHHYRUWH[DQGWKHEHVWZDWHUIORZSRVLWLRQLQWKHEDVLQWKDWFDQLQFUHDVHWKHSRZHU
RI WKHWXUELQH7KHWHVWUHVXOWVGHWHUPLQHGWKDWDIXQQHOEDVLQZDVPRUHHIILFLHQW LQJHQHUDWLQJHOHFWULFLW\ WKDQWKH
F\OLQGULFDOW\SHDQGWKDWFKDQJLQJWKHPDWHULDOVXVHGWRPDNHWKHWXUELQHFDQDOVRLQFUHDVHLWVHOHFWULFLW\JHQHUDWLQJ























VKDSHV FUHDWHG WKH KLJKHVW WRUTXH )URP WKH VWXG\ D WXUELQHZDV FUHDWHG XVLQJ WKH &)' SURJUDP IRU WKH DFWXDO
WHVWLQJ
2.2 The Torque and Efficiency of the Turbine 

 )LQGLQJWKH WXUELQHWRUTXHZDVGRQHE\XVLQJWKH3URQ\%UDNH$EVRUSWLRQ'\QDPRPHWHUE\ LQVWDOOLQJ LW
GLUHFWO\RQ WKH WXUELQH¶VD[OH7KH3URQ\%UDNHKDGDQDWWDFKHGDUP / WKDWZDVFP ORQJ:KHQ WKH WXUELQH
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WXUQHG WKH D[OH FUHDWHG WKH WRUTXH7KH WRUTXH OHG WR WHQVLRQ LQ WKH GLUHFWLRQ RI WKH WRUTXH DQG VFDOHV :7KH
HTXDWLRQXVHGWRILQGWKHWRUTXHIURPWKHWXUELQHLVVKRZQLQ(TXDWLRQ
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p, g, H DQG QDUHWKHZDWHUGHQVLW\JUDYLWDWLRQZDWHUKHDGDQGZDWHUIORZUDWHUHVSHFWLYHO\

(TXLSPHQWDQG7HVWLQJ0HWKRGV
3.1 Testing Equipment 











3.2 Testing Method 
 7KHZRUNLQJSURFHVVRIWKHZDWHUIUHHYRUWH[V\VWHPVWDUWHGZLWKWXUQLQJRQWKHSXPSDWWKHWHVWLQJIORZ
UDWHWRSXPSZDWHULQWRWKHZDWHUWDQN7KHZDWHUWKHQIORZHGWKURXJKWKHWURXJKWRWKHYRUWH[SRRO7KHWRUTXH




4.1 CFD Design Results 







 0RGHO 0RGHO 0RGHO 0RGHO 0RGHO
7RUTXH1P     





















7RUTXH1P (IILFLHQF\ 7RUTXH1P (IILFLHQF\
    
    
    
$YHUDJH    

&RQFOXVLRQ






WKH VLPXODWLRQ 7KH VWXG\ UHVXOWV GLVFRYHUHG WKDW WXUELQHVZLWK  SURSHOOHUV DQG  EDIIOH SODWHVZHUH DEOH WR
FUHDWHWKHPRVWWRUTXH$FWXDOWHVWLQJZDVPDGHIURPWKH&)'GHVLJQWRFRPSDUHWKHWRUTXHDQGHIILFLHQF\EHWZHHQ
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WXUELQHVZLWKQREDIIOHSODWHVDQGRQHVZLWKEDIIOHSODWHVDW WKHIORZUDWHVRIDQGPV7KH
UHVXOWVZHUH WKDW WXUELQHVZKLFKKDGEHHQ LQVWDOOHGZLWKEDIIOHSODWHVKDG VKRZQDQ LQFUHDVH LQ WRUTXHDQG
DYHUDJHHIILFLHQF\RIDQGUHVSHFWLYHO\7KHUHIRUHEDIIOHSODWHVFDQKHOSWRLQFUHDVHHIILFLHQF\

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